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I .  INTRODUCTION 


A  multivehicle  fleet  test  utilizing  U.S.  Air  Force  general-purpose  vehicles 
was  organized  and  conducted  from  approximately  March  1980  through  June  1981 
at  the  request  of  the  Triservices  through  the  Joint  Deputies  for  Laboratory 
Committee  (JDLC).(_1)*  The  project  was  conducted  under  the  direction  of  the 
Management  and  Equipment  Evaluation  Program  (MEEP)  Section,  Materiel  Analy¬ 
sis  Branch,  Warner  Robins  Air  Logistics  Center  (AFLC),  Warner  Robins  Air 
Force  Base,  GA  and  was  designated  as  MEEP  Project  H  79-1C,  Synthetic  Oils. 
The  Project  Manager,  WR-ALC,  was  directed  to  coordinate  with  the  U.S.  Army 
to  perform  teatdown  inspections  of  29  of  the  test  engines  at  the  conclusion 
of  the  test.  This  was  done  with  the  U.S.  Army  Belvoir  Research  and  Devel¬ 
opment  Center,  Ft.  Belvoir,  VA  which  provided  the  funding,  and  designated 
the  U.S.  Army  Fuels  and  Lubricants  Research  Laboratory  (USAFLRL)  located  at 
Southwest  Research  Institute  (SwRI),  San  Antonio,  TX  as  the  agency  responsi¬ 
ble  for  the  after-test  inspections  of  the  29  engines. 

The  objective  of  the  test  was  to  determine  through  accumulation  of  field 
data  if  use  of  synthetic  engine  oil  would  extend  oil  drain  intervals,  reduce 
oil  filter  changes,  eliminate  sludge  buildup,  prolong  engine  life,  give 
advantages  in  fuel  consumption,  improve  cold  weather  starting,  and  reduce 
operational  cost.  The  synthetic  rils  chosen  were  of  different  manufacture 
and  were  assigned  the  color  codes  Yellow  and  Green.  The  baseline,  or  con¬ 
trol  oil  was  a  mineral  oil  of  normal  procurement  and  stockage.  This  oil  was 

color  coded  Blue.„ 

--v 


II.  DETAILS  OF  TEST 


Test  Procedures 


Reference  1  includes  guidelines  for  the  selection  and  preparation  of  vehi¬ 
cles  used  in  the  test.  Each  designated  U.S.  Air  Force  Major  Command 
(MAJCOM)  was  directed  to  select  a  minimum  of  60  general-purpose,  gasoline 


*  Underscored  numbers  in  parentheses  indicate  references  at  the  end  of 
this  report. 


engine-powered  vehicles.  The  vehicles  were  selected  in  groups  of  three  and 
were  matched  as  nearly  as  possible  as  to  make,  model,  age,  mileage,  engines, 
general  condition,  and  use.  Within  each  set,  one  vehicle  was  operated  with 
a  mineral  oil,  and  each  of  the  other  two  vehicles  was  operated  with  a  syn¬ 
thetic  oil  of  different  manufacture.  One  set  of  three  vehicles  was  selected 
from  each  MAJCOM  for  after-test  disassembly  and  inspection.  Parameters  for 
taking  oil  samples  and  changing  oil  and  filters  were  established  as  well  as 
procedures  for  sample  analysis. 

•  Vehicles  designated  to  use  synthetic  lubricants  had  oil  samples  taken 
and  the  crankcase  oil  and  oil  filter  changed  at  the  beginning  of  the 
test. 

•  These  vehicles  were  operated  for  500  miles  or  50  hours  and  again  had 
oil  samples  taken  and  the  crankcase  oil  and  oil  filter  changed  to  en¬ 
sure  purging  of  any  mineral  oil  that  may  have  remained  in  the  crank¬ 
case. 

•  After  this  second  oil  and  filter  change,  oil  samples  were  taken  from 
ail  Involved  vehicles  each  2000  miles  or  600  hours  of  operation. 

•  Oil  samples  were  forwarded  to  Air  Force  personnel  at  the  Joint  Oil 
Analysis  Program  (JOAP)  Laboratory  in  Pensacola,  FL. 

•  Engine  oil  was  changed  as  necessary  by  comparing  laboratory  findings 
with  parameters  developed  by  the  Air  Force  Systems  Command  (AFSC). 

•  Oil  filters  were  changed  each  6000  miles  or  when  the  oil  was 
changed,  whichever  occurred  first. 

•  In  case  of  engine  failure,  an  additional  oil  sample  was  drawn  and  for¬ 
warded  to  the  USAFLRL. {2) 

Some  of  the  engines  did  fall,  and  an  investigation  into  the  cause  of  each 
was  done  by  AFLRL  personnel.  A  final  report,  AFWAL-TR-81-4 153  "Field  Liai¬ 
son  in  Support  of  Evaluation  of  Synthetic  Lubricants  in  NonTactical  Vehi¬ 
cles",  published  in  February  1982(2J,  gives  the  details  of  each  failure 
including  the  probable  cause.  According  to  the  report,  none  of  the  engine 
failures  was  due  to  oil-related  causes. 

On  completion  of  test,  a  portion  of  the  vehicles  operating  on  each  test 
lubricant  were  designated  for  engine  teardown  inspections.  Vehicle  engines 
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were  removed  and  forwarded  to  the  AFLRL  where  they  were  disassembled  and 
evaluated  for  condition,  wear  and  deposit  formation.  Table  1  identifies  the 
vehicles  selected  for  inspection. 

Test  Lubricants.  Synthetic  and  Control 

Six  engine  lubricants  were  used  in  testing  the  twenty-nine  engines  chosen 
for  teardown  inspections  at  USAFLRL.  Four  of  the  oils  were  MIL-L-46152 
Qualified  Products  which  met  the  requirements  established  in  MIL-L-46152 
"Military  Specification,  Lubricating  Oil,  Internal  Combustion  Engine,  Admin¬ 
istrative  Service".  The  other  two  oils  were  certified  to  meet  the  MIL-L- 
46152  standards.  Of  the  six  lubricants,  two  were  multiviscosity  synthetic 
lubricants  each  manufactured  by  a  different  company.  One  of  the  lubricants 
was  color  coded  Yellow,  while  the  second  synthetic  lubricant  was  color  coded 
Green.  The  other  four  oils  were  standard  issue  mineral  oils  and  were  color  ■ 

coded  Blue.  To  dif ferentiate  one  Blue  oil  from  another  of  different  manu¬ 
facture,  they  were  further  designated  as  Blue(A),  Blue(B),  Blue(C),  and 
Blue(D).  Thus,  comparisons  are  possible  between  mineral  oils  as  well  as  a 
collective  comparison  against  the  synthetic  lubricants  used  in  the  test. 

As  stated  in  Reference  1,  sampling  of  new  synthetic  lubricants  was  not  re¬ 
quired  to  establish  a  baseline  because  this  had  already  been  done  by  the 
JOAP  laboratory  and  the  organization  procuring  the  oil.  Therefore,  baseline  i 

data  on  the  lubricants  used  in  the  synlube  test  were  requested  from  the  JOAP 
Laboratory  in  Pensacola,  FL.  These  data  were  provided  and  form  the  basis 
for  the  values  shown  for  the  synthetic  lubricants  in  Table  2,  "Physical 
Properties  of  Test  Lubricants".  The  values  in  the  table  pertaining  to  the 
Blue  oils  were  determined  by  USAFLRL  using  approved  ASTM  methods. 
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TABLE  2.  PHYSICAL  PROPERTIES  OF  TEST  LUBRICANTS 
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III.  RESULTS  OF  TEST 


Lubricant  performance  was  evaluated  by  two  methods: 

(1)  analysis  of  the  data  provided  by  the  JOAP  laboratory,  and 

(2)  after-test  inspections  of  engines  selected  by  each  designated 
MAJCOM  and  the  USAF  Academy. 

Used  Oil  Analyses 

All  the  lubricants  used  in  the  26  engines  inspected  at  AFLRL  appeared  to 
have  performed  satisfactorily.  Some  oil  distress  occurred  as  shown  by  high 
viscosity  values  for  some  engines.  Table  3  shows  the  average  viscosity 
density  product  (VDP)  for  test  oils  used  at  each  Air  Force  installation  and 
identifies  those  oils  that  were  outside  the  parameters  establishing  the 
acceptable  range  for  each  oil  at  a  given  temperature . (3)  The  TSC,  JOAP 
determined  the  VDP  for  new  test  lubricants  for  each  deg  F  for  a  range  of  am¬ 
bient  temperatures.  These  VDPs  were  labeled  "True  Values”  which  is  the 
basis  for  the  term's  use  in  this  report.  Each  True  Value  VDP  was  then 
multiplied  by  0.25,  and  the  result  was  added  to  and  substracted  from  its 
respective  True  Value  VDP  to  establish  parameters  for  VDP  acceptability. 
Appendix  D,  Volume  II,  shows  the  average  for  each  wear  metal,  additive 
element,  particulate  content,  and  VDP  of  each  test  oil  for  each  test  engine. 
These  averages  were  used  to  establish  a  mean  and  standard  deviation  for  each 
of  the  data  categories  for  each  group  of  test  oil,  (i.e..  Yellow,  Green  and 
Blue).  A  statistical  analysis  then  established  the  range  of  predicted  dif¬ 
ference  between  the  means  for  the  test  oils. 

By  comparing  the  means  for  each  variable  of  one  oil  with  the  means  for  each 
respective  variable  of  a  second  oil,  it  was  determined  that  there  were  no 
statistical  differences  between  the  means  for  any  variable  listed  except 
one.  There  was  a  statistical  difference  between  the  means  for  the  variable, 
VDP,  for  the  Blue  and  the  Green  lubricants.  This  does  not  mean  that  one  oil 
is  better  than  the  other,  only  that  the  difference  between  VDPs  for  each  oil 
at  the  beginning  of  the  test  was  still  present  at  the  end  of  the  test. 
Appendix  E,  Volume  II,  contains  an  explanation  of  the  statistical  tests 
used.  Table  4  illustrates  the  True  Value  VDPs  for  each  test  oil  at  74 °F  at 
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« 


the  beginning  of  the  test  and  the  average  VDPs  for  each  test  oil  at  the  end 
of  the  test  at  an  average  74 °F.  Also  shown  is  the  average  percent  increase 
in  VDP  for  each  test  oil. 


TABLE  4.  PERCENT  INCREASE  IN  VDPs* 


Color  Code 

Average 

True  Value  VDP 
Beginning  of  Test 

Average  VDP 

At  End  of  Test 

Average 

Percent 

Increase 

Green 

88 

100 

13.64 

Blue(Avg. ) 

111 

123 

10.81 

Yellow 

109 

126 

15.60 

*Average  temperature  for  determining  VDP 
before  and  after  the  field  test  was  74 °F. 


Unfortunately,  total  acid  numbers  (TANs)  and  total  base  numbers  (TBNs)  were 
not  determined  at  JOAP  laboratories.  Oil  alkalinity  reserve  capacity  and 
other  oil  properties  and  conditions  were  shown  in  subjective  terms  as  fol¬ 
lows  : 


Oil  alkalinity  reserve  capacity. ..... .Good  or  bad 

Oil  dispersive  properties . Good,  fair  or  poor 

Particulate  contaminants . Light,  medium  or  heavy 

Coolant  contamination . . . Not  present  or  present 

These  properties  and  conditions  were  determined  by  blotter  tests  and  in¬ 
cluded  in  the  oil  analyses  computer  printouts  from  the  JOAP  laboratories.  A 
summary  of  these  oil  properties  and  conditions  is  given  in  Table  5. 

Reference  3  also  gave  the  baseline  data  for  additives  for  each  of  the  test 
lubricants.  The  quantities  given  in  the  oil  analysis  computer  printouts  for 
used  oil  samples  were  averaged  for  each  test  lubricant.  Table  6  compares 
the  used  oil  sample  additive  quantity  averages  with  the  values  shown  in 
Reference  3.  Calcium  was  not  included  in  the  computer  printouts;  therefore, 
no  comparisons  for  that  element  could  be  made.  It  should  also  be  noted  that 
the  value  of  998  is  the  highest  value  in  parts  per  million  (ppm)  that  is 


TABLE  5.  LUBRICANT  ANALYSIS  DATA  SUMMARY 
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TABLE  6.  AVERAGE  ADDITIVE  QUANTITIES  FROM  USED  OIL  SAMPLES 
COMPARED  TO  NEW  OIL  ADDITIVE  QUANTITIES* 


Additives 

Blue 

!  A 

Blue 

!  B 

Blue 

:  C 

Blue  D 

Yellow 

Green 

(PPM) 

New 

Used 

New 

Used 

New 

Used 

New 

Used 

New 

Used 

New 

Used 

B 

1 

5 

0 

61 

184 

86 

0 

2 

11 

33 

3 

20 

Ba 

0 

8 

0 

7 

3 

81 

80 

65 

118 

123 

998 

985 

i 

Mg 

8 

69 

538 

350 

532 

685 

450 

433 

15 

124 

538 

694 

> 

Zn 

469 

770 

740 

956 

941 

985 

844 

958 

998 

991 

663 

903 

j 

*  Information  provided  by  the  JOAP  Laboratory,  Pensacola,  FL. 

determined  in  oil  analyses  by  the  TSC,  JOAP  laboratories.  The  actual  ppm 
for  any  given  element  may  be  much  higher  than  the  value  998  but  measurement 
limitations  prohibit  the  determination  of  the  exact  values.  Overall  this 
means  that  a  significant  part  of  oil  analyses  data  essential  to  decision¬ 
making  as  to  whether  or  not  an  engine  is  jeopardized  may  not  be  available. 

After-Test  Engine  Inspections 

Ratings  for  the  26  engines  inspected  by  USAFLRL  are  contained  in  Appendix  A, 
Volume  II,  "Engine  Inspection  Data-Ratings".  Sludge  ratings  were  not  made 
for  the  two  engines  shipped  from  Hancock  Air  Force  Base,  New  York  because 
the  parts  normally  rated  for  sludge  deposits  were  not  shipped  with  the 
engines. 

The  inspection  results  showed  that  Chevrolet  engines,  both  the  V-8,  350  CID 
and  the  six  cylinder,  292  CID,  appeared  to  have  fared  the  worst  according  to 
the  ratings.  They  appeared  to  have  been  particularly  susceptible  to  lifter 
body  wear  and  piston  scuffing  with  all  lubricants  in  the  program.  A  com¬ 
parison  of  these  engines  to  the  total  test  mileages  driven  shows  that  six  of 
them  were  among  the  highest  mileage  engines  in  the  test.  However,  the  three 
292  CID  engines  from  Peterson  AFB  which  were  among  the  lowest  in  total  test 
miles  still  showed  abnormal  wear  to  lifter  bodies.  Again,  it  should  also  be 


noted  that  the  lifter  and  piston  wear  occurred  whether  a  green,  yellow  or 
blue  test  lubricant  was  used.  However,  a  study  of  the  maintenance  history 
of  each  of  these  engines  reveals  that  normal  maintenance  procedures  were 
followed  for  three  of  the  four  engines  operated  with  Blue  oils  and  one  of 
the  three  engines  operated  with  a  Green  lubricant.  Two  of  the  engines  oper¬ 
ated  with  Yellow  lubricants  had  extensive  maintenance  problems  for  the  test 
period.  Tables  7  and  8  contain  the  Sludge  and  Varnish  Ratings  Summaries, 
respectively.  An  examination  of  the  data  in  Tables  7  and  8  reveals  that  all 
the  test  lubricants  performed  satisfactorily.  Those  sludge  and  varnish 
ratings  that  averaged  below  a  rating  of  8  were  still  average  or  above  as 

compared  to  ratings  normally  achieved  by  other  oils  in  fleet  tests.  The 

results  averaging  8  or  higher  are  considered  to  be  indicative  of  very  good 

performances  by  the  test  oils.  Table  9  gives  a  brief  summary  of  the  main¬ 

tenance  histories  for  each  test  engine.  Normal  maintenance  consisted  of 
routine  scheduled  maintenance  and  replacement  or  repairs  due  to  normal  wear 
and  tear.  Specific  maintenance  actions  were  noted  where  the  problems  could 
possibly  have  been  oil  related.  However,  no  positive  conclusions  can  be 
made  about  the  actual  impact  any  given  test  oil  had  on  any  given  engine. 

TABLE  7.  SLUDGE  RATINGS  SUMMARY  FOR  TEARDOWN  ENGINES 

(10  =  Clean) 

Type  Oil 


Installations 

Green 

Yellow 

Blue 

A 

B 

C 

D 

AF  Academy 

9.6 

9.7 

9.6 

George* 

9.8 

9.8 

9.8 

Grand  Forks,  ND 

9.6 

9.5 

Hancock** 

No  sludge 

ratings 

Lackland 

9.4 

9.6 

9.7 

Minot 

9.7 

9.6 

Myrtle  Beach 

9.3 

9.2 

9.5 

Of futt 

8.4 

6.7 

Peterson 

9.7 

8.6 

9.6 

Randolph 

9.7 

9.6 

9.4 

Average 

9.5 

9.4 

9.6 

8.1 

9.7 

9.5 

*  These  ratings 

are  for  the 

left  and 

right  valve  decks 

and  pushrod  < 

chamber 

only;  the  rocker  arm  covers,  oil  pan  and  Intake  manifolds  were  missing 
from  the  engines  when  received  at  AFLRL. 

**The  parts  that  are  rated  for  sludge  deposits  were  missing  from  the  engines 
when  received  at  AFLRL. 


TABLE  9.  MAINTENANCE  HISTORY  FOR  TEARDOWN  ENGINES 


Vehicle 

Color 

MAJCOM 

Installation 

No. 

Code 

Maintenance  Actions 

USAFA 

,  CO 

79B5659 

Green 

Normal  maintenance 

79B5660 

Yellow 

Normal  maintenance 

79B5668 

Green 

Normal  maintenance 

TAC 

GAFB, 

CA 

79B2533 

Green 

Normal  maintenance 

79B2534 

Yellow 

Normal  maintenance 

79B2539 

Blue(C) 

Normal  maintenance 

SAC 

GFAFB 

,  ND 

79B1734 

Yellow 

Right  valve  cover  gasket  leak¬ 
ing.  Left  valve  cover  leaking. 
Constant  system  problems. 

79B1735 

Blue(B) 

Oil  leaks  top  and  bottom  of  en- 

gine  valve  job  rod  bearings. 
Replaced  #8  piston. 

HAFB , 

NY 

78B5038 

Green 

Normal  maintenance 

78B5646 

Yellow 

Replaced  head  and  head  gasket 
(added  1  qt.  Quaker  State  by 
mistake  @  12,206  mi.  Head 
gasket  blew  @  12,218  mi.) 

ATC 

LAFB, 

TX 

79B2270 

Yellow 

Normal  maintenance 

79B2271 

Green 

JOAP  remarked  that  this  engine 
"was  one  of  the  worst  vehicles 

in  the  Synlube  program  with  re¬ 
spect  to  wear” 

79B2272 

Blue(C) 

Normal  maintenance 

MAFB, 

ND 

79B1736 

Green 

Engine  had  quit  at  end  of  test 
and  had  been  partially  dis¬ 
mantled  . 

79B1759 

Blue(C) 

Normal  maintenance 

MBAFB 

,  SC 

79B5212 

Green 

Normal  maintenance 

79B9187 

Yellow 

Valve  cover  leak  @  about  49,000 
mi . 

79B9188 

Blue (D) 

Normal  maintenance 

SAC 

OAFB , 

NE 

78B4766 

Green 

Valve  noise  @  30,753  mi.  Knock 
in  engine  @  44,168  mi.  Engine 
cuts  out  and  stalls  @  49,194  mi 
Oil  leak  at  valve  @  51,042  mi. 

78B4768 

Blue(C) 

Normal  maintenance 

ADCOM 

PAFB , 

CO 

78B4569 

Green 

Normal  maintenance 

78B4571* 

Yellow 

Push  rods,  valves,  lifters, 
camshaft  and  eventually,  the 
entire  engine  was  replaced(4). 

78B8831 

Blue(C) 

Normal  maintenance 

*A  study  of  this  engine  was  made  by  Air  Force  personnel  and  the  conclu¬ 
sion  was  reached  that  the  problems  were  attributable  to  a  faulty  air 
induction  system  (4^ 
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TABLE  9.  MAINTENANCE  HISTORY  FOR  TEARDOWN  ENGINES 

(Cont' d) 


Vehicle  Color 

MAJCOM  Installation  No .  Code 


Maintenance  Actions 


RAFB ,  TX 


79B5719  Yellow 
79B5720  Blue(A) 
79B5721  Green 


Normal  maintenance 
Normal  maintenance 
Normal  maintenance 


i 


Examinations  of  the  engines  after  being  disassembled  did  not  reveal  any  sig¬ 
nificant  differences  between  the  problem  engines  and  the  others  in  the  test. 
The  difficulties  could  well  have  been  attributed  to  maintenance  practices 
and  procedures.  Appendix  B,  Volume  II,  shows  the  wear  measurements  for  each 
of  the  test  engines  while  Table  10  gives  a  summary  of  the  wear  measurements 
data  for  each  engine  and  indicates  those  components  worn  beyond  the  manufac¬ 
turer's  specifications.  A  tabulation  of  the  results  reveal  that  of  79  wear 
measurements  outside  of  manufacturer's  specified  wear  limits,  27  percent  of 
them  were  from  engines  operated  on  a  Blue  oil,  35  percent  of  them  were  from 
engines  operated  with  the  Green  lubricant  and  38  percent  of  them  were  from 
engines  operated  with  the  Yellow  lubricant.  This  indicates  that  the  engines 
operated  with  the  synthetic  oils  experienced  a  higher  wear  rate  than  those 
operated  with  the  normal  issue  mineral  oils.  The  largest  single  category  of 
wear  measurements  outside  of  specifications  for  all  of  the  teardown  engines 
was  compression  ring  gaps,  top  and  bottom.  Other  wear  measurements  outside 
of  manufacturer's  specifications  appeared  to  be  normal  for  the  mileage  and 
usage  of  each  engine.  With  the  exception  of  Hancock  AFB  which  showed  a  sig¬ 
nificant  difference  in  the  average  oil  change  mileage  between  its  two  en¬ 
gines,  the  average  oil  change  interval  in  miles  for  each  set  of  engines 
tended  to  group  by  installation.  Assuming  the  information  valid  and  the 
maintenance  data  for  each  vehicle  seems  to  confirm  it  solidly,  this  would 
indicate  a  difference  primarily  in  the  basic  maintenance  procedures  and 
practices  at  each  installation.  It  should  be  noted  that  there  were  no  oil 
changes  at  all  for  the  three  engines  from  Randolph  AFB,  nor  the  engine  oper¬ 
ated  with  Green  oil  at  the  USAF  Academy  which  ended  up  with  a  total  of 
28,409  test  miles.  Table  11  shows  the  average  oil  change  intervals  for  all 
test  engines  at  each  Installation.  Nine  of  the  ten  installations  shown 
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TABLE  10.  ENGINE  INSPECTION  DATA-WEAR  MEASUREMENTS  SUMMARY 
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TABLE  10.  ENGINE  INSPECTION  DATA-WEAR  MEASUREMENTS  SUMMARY 

(CONT'D) 


TABLE  11.  AVERAGE  OIL  CHANGE  INTERVALS 
AT  EACH  INSTALLATION 


Average  Oil 

Installation  Change  Intervals,  miles 


US AD  Academy 

16,040.8 

George  AFB 

4,161.9 

Grand  Forks  AFB 

4,212.9 

Hancock  AFB 

5,773.2 

Lackland  AFB 

2,923.1 

Minot  AFB 

7,535.1 

Myrtle  Beach  AFB 

11,185.9 

Offutt  AFB 

6,874.5 

Peterson  AFB 

4,380.9 

Randolph  AFB 

10,052.7 

average  over  4,000  miles  between  oil  changes,  and  six  of  those  nine  average 
above  5,000  miles  between  oil  changes,  while  three  of  the  nine  average  over 
10,000  miles  between  oil  changes.  Photographs  of  selected  engine  components 
are  exhibited  in  Appendix  C,  Volume  II.  Although  no  conclusive  inferences 
may  be  made  from  the  appearance  of  photographed  components,  the  components 
from  engines  operated  with  the  Yellow  lubricants  appeared  slightly  cleaner, 
overall,  than  the  components  from  engines  operated  with  the  Blue  and  Green 
lubricants. 

Performance  Summary 

As  stated  earlier,  all  the  test  oils  appeared  to  have  performed  satisfacto¬ 
rily.  Table  12  assigns  a  subjective  performance  rating  in  each  of  the  cate¬ 
gories  listed  for  each  oil  with  respect  to  used  oil  condition  and  the  engine 
inspection  data. 

Combining  these  ratings,  the  test  oils  are  ranked  in  the  following  order  of 
overall  performance: 
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TABLE  12.  OVERALL  PERFORMANCE  RATINGS* 


Blue 

Green 

Yellow 

Sludge  Ratings 

Good 

Best 

Better 

Varnish  Ratings 

Better 

Good 

Best 

Other  Ratings 

Best 

Good 

Better 

Wear  Measurements 

Best 

Better 

Good 

Total  Particulate  Contaminants 
Average  VDP  vs. 

Best 

Better 

Good 

True  Value  VDP 

Best 

Good 

Better 

Oil  Dispersive  Properties 

Best 

Better 

Good 

1.  Blue  -  The  normally  Issued  mineral  oils  (collectively)  performed 
in  a  satisfactory  manner  and  although  between  the  Green  and 
Yellow  oils  in  sludge,  varnish  and  other  ratings  were  judged  to 
be  demonstrably  better  than  the  two  multiviscosity  synthetic 
oils  in  wear  measurements,  particulate  contaminants,  viscosity 
increase,  and  dispersive  properties. 

2.  Green  and  Yellow  -  Both  multiviscosity  synthetic  oils  performed 
satisfactorily  and  equally  well  overall  with  respect  to  each 
other.  The  Yellow  oil  performed  better  than  the  Green  and  Blue 
oils  in  the  ratings,  but  not  as  well  as  the  other  two  with  re¬ 
spect  to  wear  measurements,  particulate  contaminants,  viscosity 
increase,  and  dispersive  properties. 

IV.  CONCLUSIONS 

The  Blue  lubricants  (collectively)  demonstrated  the  best  overall  per¬ 
formance  of  the  test  oils  used. 

The  Green  and  Yellow  lubricants  performed  equally  well  overall  and  can 
be  satisfactorily  used  in  spark  ignition  engines  of  the  type  tested. 
Engine  distress  evidenced  by  light  to  severe  piston  scuffing  and 
cracked,  chipped,  scuffed,  and  worn  lifter  bodies  for  the  Chevrolet 
350  V8  engines  and  cracked,  chipped,  and  worn  lifter  bodies  for  the 


Chevrolet  6-cylinder  292  engines  cannot  be  attributed  exclusively  to 
the  lubricants  used  since  the  distress  occurred  in  the  engines  regard¬ 
less  of  the  type  test  oil  used. 

Components  of  the  engines  operated  with  the  Green  and  Yellow  lubricants 
exceeded  manufacturer’s  wear  limit  specifications  more  frequently  than 
those  from  engines  operated  with  the  Blue  oils. 


V.  RECOMMENDATIONS 


Based  on  the  observations  and  conclusions  drawn  from  the  teardown  inspec¬ 
tion.®  and  analysis  of  information  provided  for  the  twenty-six  engines  only, 
the  following  recommendations  are  made: 

•  Conduct  a  test  at  the  following  bases  to  determine  the  contribution 
of  climatic  and  environmental  conditions  to  the  engine  distress  exhib¬ 
ited  by  the  Chevrolet  engines  utilized: 


Minot  Air  Force  Base,  ND 
Grand  Forks  Air  Force  Base,  ND 
Offutt  Air  Force  Base,  NE 
Peterson  Field,  CO 


Consideration  be  given  to  future  cooperative  tests  of  this  type  for 
obtaining  lubricant  field  data. 
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LIST  OF  ACRONYMS 


ADCOM 

- 

Aerospace  Defense  Command 

AFLC 

- 

Warner  Robins  Air  Logistic's  Center 

AFSC 

- 

Air  Force  Systems  Command 

ATC 

- 

Air  Training  Command 

CID 

- 

Cubic  Inch  Displacement 

CRC 

- 

Coordinating  Research  Council 

DOD 

- 

Department  of  Defense 

GAFB 

- 

Georgia  Air  Force  Base 

GFAFB 

- 

Grand  Forks  Air  Force  Base 

HAFB 

- 

Hancock  Air  Force  Base 

JDLC 

- 

Joint  Deputies  for  Laboratory  Committee 

JOAP 

- 

Joint  Oil  Analysis  Program 

LAFB 

- 

Lackland  Air  Force  Base 

MAFB 

- 

Minot  Air  Force  Base 

MAJCOM 

- 

Major  Command 

MBAFB 

- 

Myrtle  Beach  Air  Force  Base 

MEEP 

- 

Management  Equipment  Evaluation  Program 

OAFB 

- 

Offutt  Air  Force  Base 

PAFB 

- 

Peterson  Air  Force  Base 

RAFB 

- 

Randolph  Air  Force  Base 

SAC 

- 

Strategic  Air  Command 

SwRI 

- 

Southwest  Research  Institute 

Synlube 

- 

Synthetic  Lubricant 

TAC 

- 

Tactical  Air  Command 

TAN 

- 

Total  Acid  Number 

TBN 

- 

Total  Base  Number 

TSC 

- 

Technical  Support  Center 

USAFA 

- 

United  States  Air  Force  Academy 

USAFLRL 

United  States  Army  Fuels  &  Lubricants  Research 

Laboratory 

Beivolr  R&D  Center 

- 

U.S.  Army  Belvoir  Research  &  Development  Center 

VDP 

- 

Viscosity  Density  Product 
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ATTN:  STRBE-VF  10 

STRBE-WC  2 

FORT  BELVOIR  VA  22060 


CDR 

US  ARMY  MATERIEL  DEVEL  & 

READINESS  COMMAND 
ATTN:  DRCLD  (DR  GONANO)  1 

DRCMD-ST  (DR  HALEY)  1 

DRCQA-E  1 

DRCDE-SS  1 

DRCSM-WCS  (CPT  DAILY)  1 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333 


CDR 

US  ARMY  COLD  REGION  TEST  CENTER 
ATTN:  STECR-TA  1 

APO  SEATTLE  98733 


CDR 

US  ARMY  RES  &  STDZN  GROUP 
(EUROPE) 

ATTN:  DRXSN-UK-RA  1 

DRXSN-UK-SE  (LTC  NICHOLS)  1 

BOX  65 

FPO  NEW  YORK  09510 


CDR 

US  ARMY  FORCES  COMMAND 
ATTN:  AFLG-REG  1 

AFLG-POP  1 

FORT  MCPHERSON  GA  30330 
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CDR 

US  ARMY  ABERDEEN  PROVING  GROUND 
ATTN:  STEAP-MT-U  (MR  DEAVER)  I 
ABERDEEN  PROVING  GROUND  MD  21005 

CDR 

US  ARMY  YUMA  PROVING  GROUND 
ATTN:  STEYP-MLS-M  (MR  DOEBBLER)  1 
YUMA  AZ  85364 

PROJ  MGR,  ABRAMS  TANK  SYS,  DARCOM 


ATTN:  DRCPM-GCM-S  1 

DRCPM-GCM-LF  1 

WARREN  MI  48090 

PROJ  MGR,  FIGHTING  VEHICLE  SYS 
ATTN:  DRCPM-FVS-SE  1 

WARREN  MI  48090 

PROJ  MGR,  M60  TANK  DEVELOPMENT 
USMC-LNO,  MAJ.  VARELLA  1 


US  ARMY  TANK-AUTOMOTIVE  CMD  (TACOM) 
WARREN  MI  48090 

PROG  MGR,  Ml  13/Ml I3A1  FAMILY 
VEHICLES 

ATTN:  DRCPM-M1 13  1 

WARREN  MI  48090 

PROJ  MGR,  MOBILE  ELECTRIC  POWER 
ATTN:  DRCPM-MEP-TM  1 

7500  BACKLICK  ROAD 
SPRINGFIELD  VA  22150 

PROJ  OFF,  AMPHIBIOUS  AND  WATER 
CRAFT 

ATTN:  DRCOP-AWC-R  1 

4300  GOODFELLOW  BLVD 
ST  LOUIS  MO  63120 

CDR 

US  ARMY  EUROPE  &  SEVENTH  ARMY 
ATTN:  AEAGG-FMD  1 

AEAGD-TE  I 

APO  NY  09403 

CDR 

THEATER  ARMY  MATERIAL  MGMT 
CENTER  (200TH) 

DIRECTORATE  FOR  PETROL  MGMT 
ATTN:  AEAGD-MMC-PT-Q 

APO  NY  09052 


CDR 

US  ARMY  RESEARCH  OFC 
ATTN:  DRXRO-EG  (DR  MANN) 

P  0  BOX  12211 

RSCH  TRIANGLE  PARK  NC  27709 
CDR 

TRADOC  COMBINED  ARMS  TEST 
ACTIVITY 
ATTN:  ATCT-CA 
FORT  HOOD  TX  76544 

CDR 

TOBYHANNA  ARMY  DEPOT 
ATTN:  SDSTO-TP-S 
TOBYHANNA  PA  18466 

CDR 

US  ARMY  DEPOT  SYSTEMS  CMD 
ATTN:  DRSDS 
CHAMBERSBURG  PA  17201 

CDR 

US  ARMY  WATERVLIET  ARSENAL 
ATTN:  SARWY-RDD 
WATERVLIET  NY  12189 

CDR 

US  ARMY  LEA 
ATTN:  DALO-LEP 
NEW  CUMBERLAND  ARMY  DEPOT 
NEW  CUMBERLAND  PA  17070 

CDR 

US  ARMY  GENERAL  MATERIAL  & 
PETROLEUM  ACTIVITY 
ATTN:  STSGP-PW  (MR  PRICE) 

BLDG  247,  DEFENSE  DEPOT  TRACY 
TRACY  CA  95376 

CDR 

US  ARMY  FOREIGN  SCIENCE  6,  TECH 
CENTER 

ATTN:  DRXST-MT-I 
FEDERAL  BLDG 

CHARLOTTESVILLE  VA  22901 


CDR 

DARCOM  MATERIEL  READINESS 
SUPPORT  ACTIVITY  (MRSA) 
ATTN:  DRXMD-MD 
LEXINGTON  KY  40511 
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HQ,  US  ARMY  Tfi.E  COMMAND 

ATTN:  DRSTE-TO-O  1 

ABERDEEN  PROVING  GROUND  MD  21005 

HQ 

US  ARMY  TRAINING  &  DOCTRINE  CMD 
ATTN:  ATCD-SL  (MAJ  JONES)  1 

FORT  MONROE  VA  23651 

CDR 

US  ARMY  TRANSPORTATION  SCHOOL 
ATTN:  ATS P-CD-MS  1 

FORT  EUSTIS  VA  23604 

CDR 

US  ARMY  QUARTERMASTER  SCHOOL 
ATTN:  ATSM-CD  1 

FORT  LEE  VA  23801 

HQ,  US  ARMY  ARMOR  CENTER 

ATTN:  ATZK-CD-SB  1 

FORT  KNOX  KY  40121 


CDR 

US  ARMY  LOGISTICS  CTR 

ATTN:  ATCL-MS  (MR  A  MARSHALL)  1 

FORT  LEE  VA  23801 

CDR 

US  ARMY  FIELD  ARTILLERY  SCHOOL 
ATTN:  ATS F -CD  1 

FORT  SILL  OK  73503 

CDR 

US  ARMY  INFANTRY  SCHOOL 

ATTN:  ATSH-CD-MS-M  1 

FORT  BENNING  GA  31905 

CDR 

US  ARMY  MISSILE  CMD 

ATTN:  DRSMI-0  1 

REDSTONE  ARSENAL  AL  35809 

PROJ  MGR  M60  TANK  DEVELOP. 

ATTN:  DRCPM-M60-E  1 

WARREN  MI  48090 

CHIEF,  U.S.  ARMY  LOGISTICS 
ASSISTANCE  OFFICE,  FORSCOM 
ATTN:  DRXLA-FO  (MR  PITTMAN)  1 

FT  MCPHERSON  GA  30330 


DEPARTMENT  OF  THE  NAVY 

CDR 

NAVAL  SEA  SYSTEMS  CMD 

ATTN:  CODE  05M4  (MR  R  LAYNE)  I 

WASHINGTON  DC  20362 

CDR 

DAVID  TAYLOR  NAVAL  SHIP  R&D  CTR 
ATTN:  CODE  2830  (MR  G  BOSMAJIAN)  1 
CODE  2705.1  (MR  STRUCKO)  1 

ANNAPOLIS  MD  2140: 

CDR 

NAVAL  SHIP  ENGINEERING  CENTER 
ATTN:  CODE  6764  (MR.  BOYLE)  1 

PHILADELPHIA  PA  19112 

JOINT  OIL  ANALYSIS  PROGRAM  - 

TECHNICAL  SUPPORT  CTR  1 

BLDG  780 

NAVAL  AIR  STATION 
PENSACOLA  FL  32508 

DEPARTMENT  OF  THE  NAVY 
HQ,  US  MARINE  CORPS 

ATTN:  LPP  (MAJ  WALLER)  1 

LMM/3  (MAJ  WESTERN)  1 

WASHINGTON  DC  20380 

CDR 

NAVAL  AIR  SYSTEMS  CMD 

ATTN:  CODE  5304C1  (MR  JEINBURG)  1 

WASHINGTON  DC  20361 

CDR 

NAVAL  AIR  DEVELOPMENT  CTR 

ATTN  CODE  60612  1 

WARMINSTER  PA  18974 

CDR 

NAVAL  RESEARCH  LABORATORY 

ATTN:  CODE  6180  1 

WASHINGTON  DC  20375 

CDR 

NAVAL  FACILITIES  ENGR  CTR 
ATTN:  CODE  120  (MR  R  BURRIS)  1 

200  STOVWALL  ST 
ALEXANDRIA  VA  22322 
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CDR 

NAVAL  AIR  ENGR  CENTER 

ATTN:  CODE  92727  1 

LAKEHURST  NJ  08733 

COMMANDING  GENERAL 
US  MARINE  CORPS  DEVELOPMENT 
&  EDUCATION  COMMAND 
ATTN:  D074  (LTC  WOODHEAD)  1 

QUANTICO  VA  22134 

CDR,  NAVAL  MATERIEL  COMMAND 
ATTN:  MAT-08E  (DR  A  ROBERTS)  1 

MAT-08E  (MR  Z I EM)  1 

CP6,  RM  606 
WASHINGTON  DC  20360 

DEPARTMENT  OF  THE  AIR  FORCE 

HQ,  USAF 

ATTN:  LEYSF  (COL  CUSTER)  1 

WASHINGTON  DC  20330 

HQ  ALR  FORCE  SYSTEMS  CMD 

ATTN:  AFSC/DLF  (MAJ  VONADA)  1 

ANDREWS  AFB  MD  20334 

CDR 

US  AIR  FORCE  WRIGHT  AERONAUTICAL 
LAB 

ATTN:  AFWAL/POSL  (MR  JONES)  1 

AFWAL/MLSE  (MR  MORRIS)  2 

WRIGHT-PATTERSON  AFB  OH  45433 

CDR 

SAN  ANTONIO  AIR  LOGISTICS 
CTR 

ATTN:  SAALC/SFT  (MR  MAKRIS)  1 

SAALC/MMPRR  1 

KELLY  AIR  FORCE  BASE  TX  78241 

CDR 

WARNER  ROBINS  AIR  LOGISTIC 
CTR 

ATTN  WR-ALC /MMIRAB- 1  (MR  GRAHAM)  1 
ROBINS  AFB  GA  31098 

CDR 

USAF  3902  TRANSPORTATION 
SQUADRON 

ATTN:  LGTVP  (MR  VAUGHN)  1 

OFFUTT  AIR  FORCE  BASE  NE  68113 


OTHER  GOVERNMENT  AGENCIES 

NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 
LEWIS  RESEARCH  CENTER 
MAIL  STOP  5420 

(ATTN:  MR.  GROBMAN)  1 

CLEVELAND  OH  44135 

SCIENCE  &  TECH  INFO  FACILITY 
ATTN:  NASA  REP  (SAK/DL)  1 

PO  BOX  8757 

BALTIMORE/WASH  INT  AIRPORT  MD  21240 

NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 
VEHICLE  SYSTEMS  AND  ALTERNATE 
FUELS  PROJECT  OFFICE 
ATTN:  MR  CLARK  1 

LEWIS  RESEARCH  CENTER 
CLEVELAND  OH  44135 

US  DEPARTMENT  OF  ENERGY 
CE-1312 ,  GP-096 

ATTN:  MR  ECKLUND  1 

FORRES TAL  BLDG. 

1000  INDEPENDENCE  AVE,  SW 
WASHINGTON  DC  20585 

DIRECTOR 

NATL  MAINTENANCE  TECH  SUPPORT 

CTR  2 

US  POSTAL  SERVICE 
NORMAN  OK  73069 
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